To investigate the incidence of root tears of the posterior horn of the medial meniscus in total knee replacement arthroplasty for knee osteoarthritis and retrospectively analyze clinical results and factors associated with root tears. Materials and Methods: There were 197 knees of 140 enrolled patients who had undergone total knee replacement arthroplasty between September 2010 and May 2014. The presence of a root tear of the posterior horn of the medial meniscus was confirmed in all patients. Statistical analysis was performed to investigate the correlation between root tears and the possible factors of meniscal tears including gender, age, severity of symptoms (visual analogue scale [VAS] score and medial joint line tenderness), grade of osteoarthritis (Kellgren-Lawrence grading scale), body mass index (BMI), varus deformity, and mechanical axis deviation. Results: Meniscal tears were observed in 154 knees (78.17%). The root tear had correlation with the severity of osteoarthritis (p<0.05), varus deformity (p<0.05), mechanical axis deviation (p<0.05), and BMI (p<0.05). Conclusions: Factors considered to represent the severity of osteoarthritis were found to be associated with root tears of the medial meniscus posterior horn. Increased BMI seemed to be associated with the increased incidence of root tears of the medial meniscus posterior horn.
Introduction
The meniscus is a vital structure to normal knee function responsible for body weight distribution, shock absorption, proprioception, stabilization and lubrication of the knee joint, and pressure resistance [1] [2] [3] [4] [5] . In particular, the weight-bearing function of the meniscus by circumferential hoop tension is directly associated with prevention of osteoarthritis of the knee 6) . In order to maintain the circumferential hoop tension, the attachment of the anterior and posterior horns of the meniscus to the tibia should be secured and the meniscus collagen fiber orientation should be maintained 7) . However, a radial tear or root tear of the meniscus may lead to loss of circumferential hoop tension, which eventually results in osteoarthritis of the knee 8) . A variety of recent research has focused on the loss of circumferential hoop tension as the main precursor of onset and progression of osteoarthritis [9] [10] [11] . In this study, we retrospectively investigated the incidence of tears of the posterior root of the medial meniscus in patients who underwent total knee arthroplasty (TKA) for osteoarthritis and evaluated the relationship between clinical parameters and the root tears.
Materials and Methods
Between September 2010 and May 2014, TKA was performed for osteoarthritis on 210 knees (152 patients) at Chungbuk National University Hospital. Excluding those with a history of trauma (periarticular fracture of the knee or ligament injury requiring reconstruction or repair), infection, or rheumatoid arthritis, 197 knees (140 patients) were retrospectively reviewed for this study. The study population consisted of 17 males and 123 females with a mean age of 69.9 years (range, 53 to 89 years).
The presence of a tear of the posterior horn of the medial meniscus, which was defined as a complete radial tear or complex tear within 1 cm of the posterior horn insertion site of the medial meniscus, was confirmed in all patients (Fig. 1) .
The relationships of the presence of posterior root tears of the medial meniscus with age and gender were analyzed. The Kellgren-Lawrence grading scale was used to classify the patients with respect to severity of osteoarthritis on radiography, and the incidence of root tears of the meniscus was compared between groups. The severity of varus deformity was measured on standing anteroposterior radiographs. Mechanical axis deviation was assessed with reference to a line drawn from the center of the femoral head to the center of the ankle on the long cassette view (Fig. 2) . Body mass index (BMI) was assessed to classify the patients into four subgroups (underweight, normal weight, overweight, and obese groups) for comparison with regard to the prevalence of meniscal tears. Medial joint line tenderness was examined during a preoperative physical examination in our outpatient clinic and assessed using visual analogue scale (VAS).
In bilateral TKA patients, the incidence of unilateral/bilateral meniscal tears was assessed and the total number of tears was calculated on each side.
Statistical analyses were performed using the SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). Chi-square tests and t-tests were used to assess the relationship between meniscal tears and each parameter. Relationship with age and Kellgren-Lawrence grading scale was assessed using Fisher's exact test.
Results
Of the total 197 knees (140 patients) that were treated with TKA, 154 knees (78.17%) had posterior root tears of the medial meniscus.
The average age of the patients with a meniscal tear was 71.4 years (range, 56 to 86 years). The incidence of posterior root tears of the medial meniscus was highest in patients in their 50s: tears were observed in 13 of 14 knees in patients (92.8%) in their 50s; in 39 of 55 knees in patients (70.9%) their 60s; in 92 of 115 knees in patients (80%) in their 70s; and in 10 of 13 knees in patients (76.9%) in their 80s. However, the analysis results showed no significant relationship between meniscal tears and age (p=0.946) ( Table  1) .
Eleven of the 19 male knees (57.9%) and 143 of the 178 female knees (80.3%) had meniscal tears, indicating significant difference between the gender (p=0.038).
For the assessment of the relationship between BMI and posterior root tears of the medial meniscus, the patients were divided into 4 groups with regard to BMI: underweight (<18.5), normal weight (range, 18.5 to 24.9 kg/m 2 ), overweight (range, 25.0 to 29.9 kg/m 2 ), and obese (>30). There was no patient who fell into the underweight category. Meniscal tears were present in 33 of 48 knees (68.8%) in the normal weight category, in 73 of 92 knees (79.4%) in the overweight category, and in 48 of 57 knees (84.2%) in the obese category, exhibiting a tendency of positive correlation between BMI and the incidence of meniscal tears. The mean BMI of patients with meniscal tears was 28.38, whereas the mean value of those without tears was 25.73. Thus, the t-test results showed a statistically significant relationship between the presence of root tears and BMI (p=0.025).
According to the Kellgren-Lawrence grading scale, the severity of osteoarthritis based on plain radiography was grade III for 38 knees and grade IV for 159 knees. Posterior root tears of the medial meniscus were more prevalent in grade IV knees: 17 in grade III knees (44.7%) vs. 137 in grade IV knees (86.2%). Thus, the severity of osteoarthritis confirmed with plain radiography was significantly related to the presence of meniscal tears (p=0.017) ( Table 2) .
Varus deformity was found to be significantly related to the presence of posterior root tears of the medial meniscus: the mean varus deformity was 13.56° in knees with meniscal tears and 10.92° in knees without meniscal tears (p=0.027). The mean medial deviation of the mechanical axis was 36.54 mm in the knees with meniscal tears and 30.17 mm in the knees without meniscal tears, showing a significant difference with regard to mechanical axis deviation (p=0.043). No significant relationship was found between posterior root tears of the medial meniscus and medial joint line tenderness (p=0.349) and VAS (p=0.466).
The surgery was bilateral in 116 knees (58 patients), of which meniscal tears were observed in 97 knees (83.6%). The tear was located on the right side in 46 knees and on the left side in 51 knees, showing no notable difference (p=0.175). Meniscal tears were present in both knees in 42 patients (72.4%) and on one knee in 13 patients (22.4%; 4 left knees and 9 right knees). Three patients (5.2%) had no meniscal tear on either side.
Discussion
The meniscus plays an important role in body weight distribution, shock absorption, proprioception, and stabilization and lubrication of the knee joint [1] [2] [3] [4] [5] , all of which could become impossible if the meniscus is torn or displaced. A complete radial tear or complex tear at the posterior horn insertion site of the meniscus causes displacement of the meniscus, which may eventually lead to development of osteoarthritis 12, 13) . In other words, mechanical alterations in the knee joint due to increased load on a particular compartment in the knee result in chondral and subchondral damage.
Osteoarthritis of the knee was first described in 1968 by Ahlback et al. 14) who had conducted research on senior female Values are presented as number (%). patients. So far, the causes of knee osteoarthritis have been investigated in a variety of studies, and meniscal pathology has been particularly associated with the degenerative condition of the knee [15] [16] [17] [18] . Ahlback et al. 14) noted meniscal tears in 6 out of 14 osteoarthritis patients (42.9%). Norman and Baker 19) observed meniscal tears in 50%-78% of their patients. Since Pagnani et al. 20) documented arthroscopic evidence of accelerated degeneration of the articular cartilage in a 20-year-old football player with a posterior root tear of the medial meniscus in 1991, attention has been brought to meniscal tears as the main precursor of the development of osteoarthitis. Robertson et al. 21) noted tears of the posterior root of the medial meniscus in 80% of their patients with osteoarthritis. Bin et al. 9) reported radial tears of the posterior horn accounted for 27.8% of the medial meniscal tears. Bessette 2) emphasized the importance of maintaining hoop tension to preserve the normal meniscus function, which decreases more drastically in cases of radial tears of the anterior or posterior horn than the mid body of the meniscus. Ozkoc et al. 22) reported that posterior horn root tears are more frequent in the medial than lateral meniscus due to the greater mobility of the posterior horn attachment to the tibia in the lateral meniscus. Allaire et al. 10) described that the influence of posterior root tears of the medial meniscus on knee biomechanics was equivalent to that of meniscectomy in a cadaver model. They attributed loss of hoop tension of the meniscus resulting in the inability to distribute body weight and subluxation of the meniscus to greater contact pressure in the knee joint and early development of articular cartilage degeneration. In the current study, based on a review of the abovementioned studies presenting posterior root tears of the medial meniscus as the main causative factor of osteoarthritis, we attempted to investigate the relationship between the meniscal tears and clinical factors.
Of the total 197 knees (140 patients), posterior root tears of the medial meniscus were observed in 154 knees (78.17%). The incidence of meniscal tears was related to gender (p=0.376), but not to age (p=0.946). There was a positive correlation between BMI and the presence of meniscal tears, and the mean BMI was significantly different between patients with tears and those without tears (p=0.025). However, considering that most of the patients were advanced age, the tears could have resulted from degenerative changes in the joint because BMI is correlated with the load on the medial compartment of the knee in advanced stage osteoarthritis. Factors potentially related to the severity of osteoarthritis, such as Kellgren-Lawrence grading scale, varus deformity, and medial deviation of the mechanical axis, showed significant relationship with posterior root tears of the medial meniscus. However, medial joint line tenderness and VAS were not found to be associated with meniscal tears. Our study results showed that the severity of osteoarthritis was correlated with the incidence of posterior root tears of the medial meniscus. In our opinion, the influence of meniscal tears on the progression of osteoarthritis could be confirmed in further arthroscopy or magnetic resonance imaging follow-up.
There were some limitations of this study. First, although the presence of a root tear was determined according to a standardized definition, it was difficult to avoid the influence of subjective judgement, and the causal relation between osteoarthritis and meniscal tears should be further verified. Second, the study was based only on the influence of medial meniscal tears on the progression of osteoarthritis; possible impact of accompanying meniscal tears was not considered as a variable in the analysis. In addition, the VAS score and medial joint line tenderness included in the analysis could have been affected by subjective judgement of the patient and clinician, respectively.
Conclusions
The presence of posterior root tears of the medial meniscus was significantly related to factors that have been associated with the severity of osteoarthritis, such as Kellgren-Lawrence grading scale, varus deformity, and mechanical axis deviation. Although no statistical significance was noted, there was a tendency of positive correlation between BMI and meniscal tears.
